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Ausreicr: Both innate and adapatve immune responses contribute to 
‘he contol of infeeous diseases, Including by Uniting the Spreading 


{ant group of viruses, which Inclades the recetly emerged severe acute 
‘esplratory syndrome SARS) virus, Studies on both innate and adap- 
‘uve immune responses of pgs to Influenza Virus and coronaviruses 
‘contribute, therefore, toa better conta of these infections in ther nat- 
‘ral stand willbe beely reviewed inthis artle.Proaflammatory 
‘okines, including type I Interferon QFN), tumor necrsis factor 
(INF), and interlean-6 (1-9, were found i ang secretions of 
‘Buenza virus infected pigs and correlated with the intensity of cleat 
Slgus, whereas prior vacenatlonagaastnluenza strongly reduced the 
redaction ofinectous virus and etokines inthe lungs upon challenge, 
‘mich was astociated with clinical protection. An early typeI TFN pro- 
‘ductlon waraleo found’ coronavirus infected pigs icing atmucoeal 


strategy 
{orabeter contol of iafaenra virus and coronavirus infetoas a pis. 
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‘nthe bronehllIymph nodes, whereas the transmlsble gastoenterts 
‘coronavirus (TGEY) induced more i Absecreting cells in gut tues, 
‘whlch Msrates the importance of the rote of antigen administration 
{br inducing loa! Immune efector mechanisms, Porine irl infections 
‘rove, therefore, valuable models fr evaluating the Immune parame- 
{ers that are important fr controling transmision of important viral 
‘oonote infection. 
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INTRODUCTION 


leven of 18 emerping zoonotic infections listed over the last § years are 
‘caused by viruses, most of them being RNA viruses," including major respi- 
ratory viral diseases, suchas influenza or the recently emerged severe acute 
‘espiratory syndrome (SARS) virus. The easy and rapid airborne transmis 
‘sion of esprtary viruses between the natural host animals and the possibility 
for transmission ffom animals to mans point out the need fo an efficient 
control of virus excretion atthe site of replication, namely the respirtory 
‘tact mucosae, Such mechanisms for contol involve therefore local, most 
associated, antiviral immune mechanisms. 

“Animals are both reservoirs and natural hosts of several important zoonotic 
respiratory viral infections like influenza vrusin birds, pgs horses or SARS, 
‘coronavirus in civets and ether animals including pgs"? Pigs are also nat- 
rally infected by several coronaviruses, either respiratory (porcine respirtory 
‘coronavirus [PRCVI) or cteric(ranamissblegastrocateie viru, [TGEVD.* 
Inakition, pigs show anatomical, physiological, and immunological smilari- 
ties to humans. Pigs ae, therefore, relevant animal species for studying host 
‘esponses and immune mechanisms to influenza and coronavirus infections. 

‘The aim ofthis article sto briefly summarize our current knowledge about 
porcine immune responses, including innate and adaptative immunity, to both 
‘ofthese viral infections, with a special emphasis on effector mechanisms at 
‘mucoelsts 


Antiviral Innate Immune Mechanisms 


‘The innate immune respons to viral infections includes cell-mediated ef 
‘ecto mechanisms suchas natural killer (NK) activity, and soluble effectors 
‘among which type I interferons (FN) play « major role. IFNs are a group 
of cytokines, intially identified by ther ability to induce resistance to viral 
infection," but also curently recognized as pro-inflammatory molecules and 
potent modulators of bth innate and adaptative immune responses" Inthe 
‘course ofan experimental nfluena infection of pigs, ype I LEN is preeentin 


the bronchoalveolar secretions together, with tumor necrosis factor-a 
(ENF), and interleukins (IL-1 and IL-6)" The TEN response stars within 
2hpost inoculation (PD) and lasts for several days. Peak cytokine titers out 
‘within 18-24 Pl and they are corelated with the peak of virus replication, 
clinical sign, and infiltration of neutrophil inthe bronchoalveolar lvage 
‘ids. In edition, the level of lang pro-inflammatory cytokinesis corelated 
‘with the intensity of clinical signs. Thu, prior vaccination of pgs against 
influenza strongly reduced the production of infectious virus and cytokines 
inthe lungs upon challenge, which was associted with clinical protection 
[FN a producing leukocytes have bee detected in the bronchiolar epithelium 
of infected pigs, at the peak of virus replication by immunohistochemisty. 
‘The IFN-prodacing cells were found at very low numbers, and in close com 
tact with influenza virus infected cell An early typeI IFN production was 
also characterizedin coronavirus infected pgs, including at mucosal sts. 
‘Within 24 after an experimental respiratory coronavirus infection (PRCV) in 
pias, type IIEN started to be produced inthe lung secretion, for more than 4 
ays, inthe absence of significant levels of other pro-inflammatory cytokines 
(ENF and IL-1) Atthe same ime, thee were few if any clinical signs and 
Jung neutrophil infiltration was much less prominent than during a swine i 
‘fuenza infection, which suggests that ung type IFN initselfisnot involved in 
pro-inflammatory and harmful effects The coronavirus TGEV experimental 
Infection in newbor piglets is also characterized bya high and early FN-a 
production, in intestinal secretions, and in several other organs. This coro- 
‘virus experimental infection model has generated orginal data pertaining 
to mechanisms of IFN-a induction by viral glycoproteins: thus, only one viral 
external glycoprotein, gM, was shown to play a major IFN inducing role,” 
I, virus lke patcles, made of only two TGEV proteins (M and E) 
and devoid of viral genome, were as effective as native virus to induce IFN-a 
production by porcine leukocytes. The IFN-a producing cells referred to as 
‘atural interferon producing cells (NIPC)}* were recently identified as plas 
rmacytoid dendritic cells PDC), in both humansimice™=2 and pigs PDC 
sxe low-density cells, negative for CDI e and lineage markers (CD3, CD19, 
(€DS6, and CD14), but positive for MHCH, C4, and CD123." Inthecourseof 
‘coronavirus induced in vivo IFN-a production in pigs, NIPC were detected in 
spleen and secondary lymphoid organs and shared several phenotypic features 
‘with PDC." Regarding mucosal innate responses, IFN-producing cells were 
{vestigated in situ by immunohistochemical taining of duodenum, jejunum, 
ileum, merenteric mph node, popliteal mph node, and spleen cryosections 
collected from TGEV-infected piglets atthe time of highest IFN production. 
“This showed thatthe vast majority of IFN-a producing cells were located in 
the smal intestine (inside lamina propria and surrounding Peyer's patches) and 
accumulated in the mesenteric lymph nodes It was, therefore, concluded that 
‘most if no al circulating IFN-a in TGEV-infectd piglets originates from gut 
sandmesenterc lymph node, These intestinal IFN-prodacing cells rein contact 


‘with but distinc from TGEV-antigen positive cells and express MHC, there- 
fore resembling potential intestinal porcine PDC. Nevertheless, the frequency 
of intestinal NIPC is very low compared to ‘ordinary’ DC that are extremely 
‘numerous, sometimes filling the whole lamina propia ofa villus** One can 
‘wonder about their funtion at uch site: ther smal number makes them uo 
likely to be a major antigen-preseating DC subset. On the other hand, even & 
‘are intestinal NIPC in mesenteric Iymph node will lod the T cell rea with 
[FN which is very likely to influence the outcome of the immune response. 
(Contrary to their murine counterpart bu in common with humans, porcine 
[NIPC/pDC are the only DC subset able to bind bacerial'viral components 
via TLRS, TLR? or yet unknown receptors Mucosal porcine NIPC/pDC 
could therefore be preferential targets for using natural ligands of TLRS (bac 
terial and viral DNA or CpG-ODN*) as immunomodulators and IFN inducers 
Given the potent IFN mediated antiviral and immunomodulatory effects," the 
‘use of IFN or IEN inducers may prove an efficent strategy" for a better con- 
‘tol of influenza virus and coronavirus infections in pigs. Besides type I IEN, 
‘other antiviral innate immune mechaniams include NK cell activity and both 
influenza viru and coronavirus were shown o activate porcine NK activity” 


Antiviral Adaptatve Immune Mechanisms at Respiratory Surfaces 


Antiviral adaptative immune mechanisms involve neutralizing. ant- 
body (Ab), including secretory IgA at mucosal surfaces, and cytotoxic 
"Tlymphocjtes (CTL). Because influenza virus and coronaviruses target mu 
cosa surfaces adaptative immune responses have to be specifically charac 
terized at mucosa! sites. Thus, nasal and pulmonary antibody responses were 
‘analyzed in influenza virus infected or vacinated pgs, showing short-lived 
IgG, but more durable IgA local Ab responses," which resulted in pro- 
tection to virus challenge. Interestingly, primary influenza virus infection 
in pigs induced local antigen-specific lymphoproliferatve responses and a 
longelived increase of lang CDS" T cells which could play aoe inthe broad- 
spectrum immune protection to heterotypic virus strains.» Pigs infected by a 
[PRCY showed virus-specific IgG Ab-secreting cells and lymphoproliferative 
responses in the bronchial lymph nodes with low Ab responses in the gut, 
‘whereas the TGEV induced more IgA Ab-sereting cells in gut issues and 
‘Teall responses in mesenteric lymph nodes, which illustrates the importance 
ofthe route of antigen or vaccine administration for inducing local immune 
‘effector mechanisms." 

‘These results show that specific antiviral effector mechanisms, including 
1gG and IgA Ab production, ymphoprolifrative responses and CD8* T cell, 
(presumably CTL) recruitment, are induced at mucosal sites of virus repli- 
«ation following infection and/or vaccination, with ether influenza virus oF 
‘coronavirus inthe pigrespiratory tact. Local immunity ismore appropiate fr 


controling virus spreading and airborne transmission ftom animals to animals 
tnd from animal reservoirs to human target, 


CONCLUSION 


In conclusion, pigs are valuable animal models for evaluating the respim- 
tory mucosal immune parameters andthe preventive or therapeutic satis, 
that are important for controlling the spreading of zoonotic viral respiratory 
infections, 
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